General
All analytical grade chemicals and reagents were purchased from Sigma-Aldrich Company Ltd 
General procedure for analytical scale biotransformations

General procedure for the chemo-enzymatic synthesis of pyrazines at analytical scale
To a solution of α-diketone (20 mM from a 800 mM stock in DMSO, 0.25 mL), (S)-aminotetralin (22 mM from a 880 mM stock in DMSO, 0.25 mL) and PLP•H2O (2.02 mM from 10.1 mM stock in 100 mM HEPES buffer, 1 mL) in HEPES buffer (100 mM, pH 7.4, 7.5 mL) was added a solution of commercially available ATA-113 (10 mg/mL, 1 mL). The pH of the reaction solution was adjusted to 7.4 prior to the addition of enzyme. The reaction mixture was incubated at 30 °C, 250 rpm for 72 hrs, basified to pH 12 by addition of 10 M NaOH and extracted with EtOAc (3 x 10 mL). The combined organics were dried over magnesium sulphate, filtered and concentrated under reduced pressure. The organic fractions were combined and dried over anhydrous MgSO 4 and analyzed by GC-MS or GC-FID with the previously purified standard. Details of columns and analytical methods, with chromatograms are in the Supplementary Information.
General procedure for the chemo-enzymatic synthesis of pyrroles at analytical scale
To a solution of α-diketone (20 mM from a 800 mM stock in DMSO, 0.25 mL), (R)-aminotetralin (22 mM from a 880 mM stock in DMSO, 0.25 mL), β-keto ester (200 mM from a 4 M stock in DMSO, 0.5 mL) and PLP•H2O (2.02 mM from 10.1 mM stock in 100 mM HEPES buffer, 1 mL) in HEPES buffer (100 mM, pH 7.4, 7 mL)was added a solution of commercially available ATA-117 (20 mg/mL, 1 mL). The pH of the reaction solution was adjusted to 7.4 prior to the addition of enzyme. The reaction mixture was incubated at 30 °C, 250 rpm for 72 hrs, basified to pH 12 by addition of 10 M NaOH and extracted with EtOAc (3 x 10 mL). The organic fractions were combined and dried over anhydrous MgSO 4 and analyzed by GC-MS or GC-FID with the previously purified standard. Details of columns and analytical methods, with chromatograms are in the Supplementary Information.
Optimization for the chemo-enzymatic synthesis of pyrrole 2b at analytic scale
The optimization for the chemo-enzymatic synthesis of pyrrole 2b was carried out on four different pH (pH = 5, 6, 7.4, 9) and three different ratios of dialkyl α-diketone/β-keto ester (1:1, 1:3 and 1:10) via GC-MS analysis. with EtOAc (3 x 50 mL). The combined organics were dried over magnesium sulphate, filtered and concentrated under reduced pressure. An aliquot (1 mL) of the organic extract was taken for analysis by GC before concentration. Preparative reverse phase HPLC (H 2 O/MeOH = 50%:50%)
Preparation and characterization data
followed by solvent evaporation afforded the pure title compound 4 (50 mg, 53%) as a white solid.
Method B:
To a solution of α-diketone 1 (112 mg, 0.50 mmol), isopropylamine (300 mg, 5.08 mmol) and PLP•H 2 O (106 mg, 0.20 mmol) in HEPES buffer (100 mM, pH 7.4, 85 mL) was added a solution of commercially available ATA-113 (10 mg/mL, 10 mL) or ATA-117 (20 mg/mL,10 mL) and DMSO (5 mL). The pH of the reaction solution was adjusted to 7.4 prior to the addition of enzyme.
The reaction mixture was incubated at 30 °C, 250 rpm for 72 hrs, basified to pH 12 by addition of 10 M NaOH and extracted with EtOAc (3 x 100 mL). The combined organics were dried over magnesium sulphate, filtered and concentrated under reduced pressure to afford the semi-purified product (4) which contained a minor impurity and DMSO. Flash chromatography of the remaining organics (DCM) afforded the pure title compound (4) as a white solid (61 mg, 65% The reaction mixture was incubated at 30 °C, 250 rpm for 72 hrs, basified to pH 12 by addition of 10 M NaOH and extracted with EtOAc (3 x 100 mL). The combined organics were dried over magnesium sulphate, filtered and concentrated under reduced pressure to afford the semi-purified product (5) which contained a minor impurity and DMSO. 
Ethyl 2,5-dimethyl-4-(4'-methoxyphenyl)-1H-pyrrole-3-carboxylate (11a):
To a solution of diketone 11 (94 mg, 0. 
GC-FID analysis
2.1 GC methods and conditions GC method A: GC analysis was performed on an Agilent™ 6850 gas chromatograph equipped with a FID detector. Standards were dissolved in EtOAc and biotransformations were extracted with EtOAc.
10 μL of sample was injected onto an Agilent J&W HP-1 (30 mm x 0.32 mm i.d. x 0.25 μm film thickness) column at 200 °C. The oven temperature was set at 50 °C for 1 min and raised at 2 °C/min to 120 °C and held for 1 min, then at 10 °C/min to 320 °C. The carrier gas flow rate was 1.3 mL/min.
The following gas chromatograph parameters were used: detector temperature was set at 250 °C, Split ratio 10:1, pressure 6.8 psi and velocity 24 cm/sec.
GC method B:
GC analysis was performed on an Agilent™ 6850 gas chromatograph equipped with a FID detector. Standards were dissolved in EtOAc and biotransformations were extracted with EtOAc. to 100 °C, then at 2 °C/min to 150 °C and held for 1 min, then at 10 °C/min to 280 °C. The carrier gas flow rate was 1.3 mL/min. The following gas chromatograph parameters were used: detector temperature was set at 250 °C, Split ratio 10:1, pressure 6.8 psi and velocity 24 cm/sec. 50 °C for 1 min and raised at 5 °C/min to 120 °C and held for 1 min, then at 10 °C/min to 320 °C. The carrier gas flow rate was 2.0 mL/min. The mass spectrometer was operated in the full scan mode. The following gas chromatograph parameters were used: detector temperature was set at 270 °C, Split ratio 100: 1, pressure 4.58 psi and velocity 52 cm/sec. 
GC-MS traces
Mass spectra
